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ABSTRACT 



The 4-200 keV spectral and temporal behaviour of the 
low mass X-ray binary 4U 1820-30 has been studied with 
INTEGRAL during 2003-2005. This source as been ob- 
served in both the soft (banana) and hard (island) spec- 
tral states. A high energy tail above 50 keV in the hard 
state has been revealed for the first time. This places the 
source in the category of X-ray bursters showing high- 
energy emission. The tail can be modeled as a soft power 
law component, with the photon index of ~ 2.4, on top of 
thermal Comptonization emission from a plasma with the 
electron temperature of kT c ~6 keV and optical depth of 
r ~ 4. Alternatively, but at a lower goodness of the fit, 
the hard-state broad band spectrum can be accounted for 
by emission from a hybrid, fhermal-nonthermal, plasma. 
During the observations, the source spent most of the 
time in the soft state, as previously reported and the >4 
keV spectra can be represented by thermal Comptoniza- 
tion with kT c ~3 keV and r ~6-7. 

Key words: X-ray binaries; neutron star; individual: 4U 
1820-30. 



1. INTRODUCTION AND DATA ANALISYS 



4U 1820—30 is a low mass X-ray binary seen at 0.66" 
from the centre of the globular cluster NGC 6624. It was 
the first identified source of type-I X-ray bursts {kJ. Its 
distance has been estimated as d = 5.8-7.6 kpc (e.g., 

JH; IH). 

The binary consists of a He white dwarf of the mass of 
(0.06-0. 08) Mp) 1 26] and a neutron star, with the mass 
estimated by II27|| as ~ 1.3M Q , orbitting at the short pe- 
riod of 1 1.4 m l29il. In X-rays, 4U 1820-30 is classified 
as an atoll [17]. However, its flux variation between the 
soft (banana) state to the hard (island) state are quasiperi- 
odic at ~170 d (HI, HI, 01), which has been pro- 
posed to be due to tidal effects of a more remote third 
star (|6j, OH)- X-ray bursts occur only at low flux levels 



(e.g.,B), and the frequencies of its kHz QPOs are corre- 
lated with the flux 13911 . X-ray spectra of the source were 
fitted by thermal Comptonization with or without an ad- 
ditional blackbody (H; JH). 

We report the first detection of X-ray emission above 50 
keV from 4U 1820-30, in a hard spectral state. We study 
the source in the 4-200 keV energy range with the JEM- 
X (4-35 keV) JH and IBIS (15 keV-1 MeV) 01 in- 
struments on board the INTEGRAL satellite |35], within 
the Galactic Centre Deep Exposure (GCDE) programme 

01- 

We have analised all the available data during which 
the source was within the IBIS/ISGRI (15 keV-1 MeV) 
and JEM-X detectors fully coded FOV (9°x9° and 
4.8° x 4.8°, respecitvely) so the flux evaluation is not 
affected by calibration uncertainties in the off-axis re- 
sponse. This yields 308 and 5 1 Science Windows, SCWs 
(pontings lasting about 2000 s) for the IBIS and JEM-X, 
respetively, during the revolutions 50-363. The data were 
extracted with the Off-Line Scientific Analysis (OSA) 
fT5Tl v. 5.1 software released by the INTEGRAL Science 
Data Centre |8]. The spectral analysis was done with the 
XSPEC package v. 11.3. 

We combine three methods of analysis: Temporal, using 
the light curves in different energy bands; Photometric, 
with the Hardness-Instensity Diagram; and Spectral, by 
spectral fitting. 



2. LIGHT CURVES AND HARDNESS- 
INTENSITY DIAGRAMS 



Fig. [0 shows the light curves of the monitoring period 
(2003 March 12 to 2005 October 5) from soft to hard 
X-rays, in the 4-10, 10-20 keV bands from the JEM-X 
and 20-30, 30-60, 60-120 keV with the IBIS/ISGRI, as 
well as the corresponding RXTEI ASM 1 light curve. The 
^170-d quasiperiodic variability can be seen in the ASM 
data. 

1 http://xte.mit.edu/ASM.lc.html. 
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Fzgwre 7. The 2003-2005 light curves of 4U 1820-30, 
with the detector count rate in each band given with re- 
spect to the corresponding Crab count rate. The pan- 
els are marked with the energy range and detector, and 
present the INTEGRAL SCW data points except for the 
top panel, which gives the RXTE/ASM 1-day averages. 
The lines mark the data sets (A, B, C, D, E) used for joint 
IBIS and JEM-X spectral fits. 



The INTEGRAL light curves are marked with vertical 
lines to denote the epochs (A, B, C, D, E) during which 
we have performed detailed spectral analysis. The epoch 
A corresponds to the joint IBIS and JEM-X count rate 
maximum (^530 mCrab at 4-10 keV). The epoch C cor- 
responds to the minimum of the 4-10 keV count rate 
(~100 mCrab), but to high count rates from 20 to 60 keV, 
implying a spectral hardening across the 4-60 keV band. 
We also studied three epochs before (B) and after (D, E) 
that event. 
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Figure 2. (a) Hard color-intensity diagram; each point 
corresponds to 100 s. (b) Very hard color-intensity dia- 
gram; each point corresponds to a SCW. The letters iden- 
tify the A—E data sets, see Fig. The typical error bars 
are shown at the bottom right corbers. 

Fig. |2 shows hardness-intensity diagrams for the data 
from the (a) JEM-X and (b) IBIS/JEM-X (for simulta- 
neous pointings and when possible because of different 



FOV). Fig.yp, for 10-30 keV, allows us to study spec- 
tral variability of the source at an energy band above that 
usually studied. In Figs. [2^, b, we can see the banana 
state, forming nearly horizontal bands across the A, B, D, 
E observations. Thus, the source evolution is mostly in 
the flux, with the 4-20 keV spectral shape close to con- 
stant. The upper part of the C points (asterisks) in Fig.|2^ 
corresponds to the island state. We see that now the 4-20 
keV flux is close to constant but the hardness shows large 
changes. This indicates spectral pivoting somewhere in 
the middle of that energy band. In Fig. |2ji, we see similar 
behaviour, with the horizontal banana state. We have here 
only one pointing for the island state, with a large value 
of the hard color. These findings are confirmed below by 
spectral analysis. 



3. SPECTRAL ANALISYS 



We fit the data with a number of models and their com- 
binations, namely, thermal and hybrid Comptonization, 
blackbody, disk blackbody and a power law. 
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Figure 3. Data, models of the soft spectra A, B, D, E 
( top) and the hard spectrum C (bottom), fitted by thermal 
Comptonization without and with, respectively, a power 
law component. 



Table 1. Spectral fitting results for the JEM-X and IBIS broad-band spectra. The model is CompTT for A, B, D, E (banana 
states), and a CompTT + a power law for C ( island state). 
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First, we find a thermal Comptonization model, CompTT 
13111 . to sufficiently model the spectra of all of the banana 
states (A, B, D, E). We obtain the electron temperature, 
kT c ~ 2.7-3.1 keV, and the optical depth r ~ 6-7, given 
in Table [2 This is consistent with the color-intensity di- 
agram, where we found only flux variation (most likely 
proportional to the accretion rate). The temperatures of 
the seed photons (TableQ have been frozen at their best- 
fit value, given that those photons are entirely below the 
fitted band. The data and model for the banana spectra 
are shown in top of Fig. [3] which have the highest unab- 
sorbed bolometric luminosity of 7.7 x 10 37 erg s _1 . An 
addition of a blackbody component [23] does not signifi- 
cantly improve the fits, and thus the confidence ranges of 
the temperature, fcXbb, are not constrained. Still, we find 
fcTbb — 1.5-2.4 keV at the best fits, in agreement with 
the previous study H . 

The spectrum of the island state (C) shows an evident ex- 
cess above 50 ke V that cannot be fitted by thermal Comp- 
tonization only. An addition of a soft (r ~ 2.4) power 
law improves the fit significantly (x 2 = 1.0) with the 
chance probability from the F-test of 6.3 x 10~ 7 . The 
bottom of Fig. [3] shows the C-spectrum best fit with the 
comptonization and power law component (dotted line). 
The parameters of the thermal plasma are different from 
those for the banana state, with a higher kT c (~ 6 keV), 
and a lower r (~ 4), see Tabled By adding a disk black- 
body component to the thermal Compton model, we have 
also obtained a good fit, with \t = 1-0. However, the 
required inner temperature, kT ln ~ 5.4 keV, is clearly 
unphysical. Addition of a single blackbody gave a worse 
fit, as well as an unphysically high temperature, ~ 4 keV. 

We have also fitted the island-state data with the Comp- 
tonization model EQPAIR (01, 0)- We have first tried 
to account for the high-energy tail by adding nonthermal 
electrons to the thermal plasma, as done to account for the 
soft-state spectra of both black hole 1 14] and neutron-star 
lH2ll binaries. We have obtained a moderately good fit, 
xf, = 1.15, with a model consisting of a thermal plasma 
with kT c ~ 8 keV and r ~ 4, and a high-energy tail 



resulting from electron acceleration at a power-law index 
of 2.5, and with an approximate equipartition between 
the powers in the heating of the thermal plasma and the 
acceleration. The bolometric luminosity of this model 
is 1.8 x 10 37 erg s -1 . With the EQPAIR model used 
to model thermal Comptonization (instead of CompTT), 
i.e., with the null fraction of the power in acceleration, 
addition of a disk blackody component resulted in a fit 
improvement and a likely value of the inner temperature, 
fcT; n ~ 0.9 keV. A further significant improvement re- 
sulted from taking into account Compton reflection |20], 
detected in atolls (e.g., 1131 1. The resulting model has 
xl = 1.09, kT c ~ 22 keV, r ~ 1.5, similar to the 
parameters found in the atoll source 4U 1608-52 fl3ll . 
Furthermore, we also used the COMPPS model for mod- 
elling the hard state data, see fit details results in 13011 . 
We note, however, that these last models are significantly 
more complex than the one with CompTT and a power 
law presented above, and still yields significant residuals 
at energies > 80 keV. 



4. DISCUSSION AND CONCLUSION 



We have presented the first detection of hard tail, above 
50 keV, in the island state of the atoll 4U 1820-30, 
using INTEGRAL/IBIS. Up to now, 4U 1820-30 has 
not been included in the sample of the high-energy 
emitting bursters 01 and indeed neither BeppoSAX, 
CGRO/BATSE nor RXTE detected this source above 50 
keV (01 and references therein). The previous lack of 
detection might have been due to either the source spend- 
ing most of the time in the soft state, the weakness of the 
emission above 50 keV in the island state, or the tail ap- 
pearing in that state only occasionally, due to some pro- 
cess like jet formation. 

In our island-state observation, the relative contribution 
of the energy flux > 60 keV is ~10%. The ratio of the 
4-20 keV flux to the 20-120 keV one is ~2, whereas it 
it is un the range 20-27 for the soft (banana) states. We 



point out that we have detected the emission above 60 
keV when the 1-20 keV luminosity was ~ 1.4 x 10 37 
erg s^ 1 , i.e., somewhat below the critical value at which 
the X-ray binaries become hard emitters as proposed by 
Barret H, H. 

While the origin of the thermal Comptonization compo- 
nent appears well understood as emission from hot elec- 
trons that upscatter soft photons coming from the accre- 
tion disk and the neutron star surface, the origin of the 
high-energy tail is less clear. The radio emission detected 
from4U 1820-30 1 22] (even if during soft state) suggests 
the presence of a jet, which may also produce X-rays. But 
in this case, a more likely origin of the power law tail ap- 
pears to be emission of nonthermal electrons in a hybrid 
(i.e., containing also thermal electrons) plasma, as dis- 
cussed in Section 3. 

Nonthermal tails have been commonly seen in soft states 
of black-hole binaries (e.g., Cyg X-l, C3) and neutron- 
star Z-sources (e.g., GX 17+2 G1, ill, Sco X-l H, 
GX 349+2 d, GX 5-1 Ql), while they are difficult 
to detect in atoll sources (e.g., 4U 0614+091 iH]). On 
the other hand, nonthermal tails have been claimed in the 
hard state of some black-hole binaries (Cyg X-l 12111 and 
GX 339^1 133]). 
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